is used for the treatment of various diseases including asthma. The aqueous and hydroalcoholic extracts have been reported to have anti-inflammatory, spasmolytic and bronchorelaxant activities. The present study investigates the effects of the aqueous decoction and the diethyl ether, ethyl acetate and butanolic fractions of Agelanthus dodoneifolius DC Danser (Loranthaceae) on reactive oxygen species (ROS) production and myeloperoxidase (MPO) release by phorbol 12-myristate 13-acetate (PMA)-stimulated equine neutrophils and on purified equine MPO activity. ROS production and MPO release by the PMA-stimulated neutrophils were measured by the lucigenin-enhanced chemiluminescence and ELISA assays, respectively. Specific immunological extraction followed by enzymatic detection (SIEFED) was used to specifically measure the equine MPO activity. Identification and quantification of the individual and total phenolic and flavonoid compounds were performed using UPLC-MS/MS equipment and colorimetric methods involving Folin-Ciocalteu and AlCl 3 , respectively. All the tested extracts displayed dose-dependent inhibitory effects on the oxidant activities of neutrophils; a stronger effect was observed with the organic fractions than the aqueous decoction. These findings could be correlated with a high content of phenolic and flavonoid compounds. The results confirm the previously shown anti-inflammatory effect of Agelanthus dodoneifolius and its potential use for the treatment of neutrophil-dependent inflammatory diseases.
Introduction
Polymorphonuclear neutrophils (PMNs) are the primary effector cells in host responses to injury and infection (1) (2) (3) (4) . The antimicrobial function of stimulated PMNs is based on their phagocytic capacity and their ability to release oxidant and proteolytic enzymes as well as reactive oxygen species (ROS) involved in the destruction of microorganisms. ROS play important roles in the pathogenesis of various serious diseases, such as neurodegenerative disorders, aging, cancer, cataracts, inflammation and cardiovascular diseases including atherosclerosis (5, 6) .
Myeloperoxidase (MPO), a heme peroxidase enzyme stored in the azurophilic granules of neutrophils, plays a crucial role in the destruction of bacteria inside PMNs. The bacterial killing process mainly uses hydrogen peroxide (H 2 O 2 ) and the chloride anion (Cl -) to produce hypochlorous (4) . However, in some conditions involving acute and chronic inflammation, MPO is released from the cells and can cause severe damage to macromolecules in the cell membranes and extracellular space (7) . Thus, inhibiting the enzymatic activity of MPO or decreasing the oxidant activity of PMNs may prove beneficial for the treatment of inflammation-related diseases (8, 9) . The use of traditional medicine is widespread and plants have long been used in folk medicine for the treatment of chronic inflammatory processes. Agelanthus dodoneifolius (DC) Polhill & Wiens Danser (Loranthaceae), commonly named Tapinanthus dodoneifolius, is a ubiquitous plant which parasitizes on several plants, including Vitellaria paradoxa (Sapotaceae). This hemi plant parasite has been reported to possess a wide range of medicinal properties (10, 11) . In the folk medicine of Burkina Faso it is used alone and in association with other traditional remedies for the treatment of various ailments including cardiovascular and respiratory diseases, stomach-ache and wounds.
Preliminary evaluations have reported the spasmolytic and anti-inflammatory activities of the aqueous extract of Agelanthus dodoneifolius. Our research group reported that the aqueous and hydroalcoholic extracts of the plant have effects on the cardiovascular and respiratory systems. Phytochemical screenings of the plant revealed the presence of tannins, anthracenosides, anthraquinones, anthocyanosides, flavonoids, sterols, triterpenes and saponosides. Ouedraogo et al (11) isolated dodoneine from the plant, a dihydropyranone that exhibited a relaxing effect on preconstricted rat aortic rings. It has been suggested that phytochemicals may be responsible for the health benefits of fruits and vegetables (6, 12) . The anti-inflammatory activity of many plants has been attributed to their high sterol/triterpene and flavonoid content (12) . These polyphenolic compounds have been reported to have antioxidant, anti-inflammatory, anti-hepatotoxic and anti-ulcer properties and to be capable of inhibiting the growth of various cancer cell lines (13) (14) (15) . The antiinflammatory effects of polyphenols result from the inhibition of some key inflammatory enzymes such as cyclooxygenase, lipoxygenase, protein kinase C (PKC) and phosphoinositide 3-kinase (PI3-kinase) or from the inactivation (or scavenging) of free radicals (2, 12, (15) (16) (17) .
Several methods have been developed for extraction and isolation of polyphenols from plant, food or liquid samples. The extraction yield depends on several factors including solvent nature, temperature, pH, part of the plant used, material preparation and the presence of lipophilic compounds. Water and analytical solvents such as methanol, ethanol, diethyl ether, ethyl acetate and butanol have shown a beneficial effect on the yield (18) (19) (20) (21) .
The aim of the present study was to investigate the ability of the aqueous decoction and the diethyl ether, ethyl acetate and butanol fractions of Agelanthus dodoneifolius to modulate the oxidant activities of isolated neutrophils and myeloperoxidase, two key elements of the inflammatory response. The identification and quantification of some individual polyphenols and the total phenolic and flavonoid contents were assessed by an ultra performance liquid chromatography (UPLC)-MS/MS method and the Folin-Ciocalteu and aluminium chloride (AlCl 3 ) colorimetric methods, respectively.
Materials and methods
Chemicals and reagents. Sodium chloride (NaCl), potassium chloride (KCl), calcium chloride (CaCl 2 ), sodium acetate, ammonium acetate, potassium hydroxide, sodium hydroxide, acetic acid, ethanol, H 2 O 2 , dimethyl sulfoxide (DMSO), ethylene diamine tetra-acetic acid disodium salt (EDTANa 2 H 2 ), trypan blue, Tween-20, diethyl ether and n-butanol were analytical grade products from Merck (VWRI, Leuven, Belgium). Methanol and ethyl acetate were analytical grade products from Chem-Lab (Zedelgem, Belgium). Paranitrophenyl phosphate, bis-N-methylacridinium nitrate (lucigenin), phorbol 12-myristate 13-acetate (PMA), Percoll, FolinCiocalteu reagent, sodium carbonate, AlCl 3 , gallic acid, rutin isoquercitrin, and kaempferol were purchased from Sigma (St. Louis, USA). Catechin, chlorogenic acid, coumaric acid, ellagic acid and quercetin were purchased from ChromaDex (LGC Standard, France). Amplex Red was purchased from Molecular Probes (Invitrogen, Merelbeke, Belgium). Bovine serum albumine (BSA) was purchased from Roche (Germany). Deoxygenated MilliQ water or ultrapure water (Easy Pure UV purification system) was used to prepare the solutions. Aqueous extraction. The shaded dried leaves of Agelanthus dodoneifolius were ground into a powder before extraction. A decoction was made with the powdered leaves of the plant. A total of 100 g was brought to boil in 1 liter of distilled water for 15 min. The extract was then filtered, frozen and dried in a freeze dryer (Christ Alpha 1-2 LD).
Organic extraction. Dried and powdered leaves of Agelanthus dodoneifolius (60 g) were boiled in methanol for 15 min according to the method of Foungbe et al (19) . The extract was dried under reduced pressure. The residue then was resuspended in boiling water (100 ml) and successively exhausted with diethyl ether (3x100 ml), ethyl acetate (3x100 ml) and n-butanol (3x100 ml). Each fraction was dried under reduced pressure and stored in a desiccator for biological assays.
Isolation of equine neutrophils. Neutrophils were isolated from EDTA (1.6 mg/ml) anticoagulated blood drawn from the jugular vein of healthy horses that were fed and bred in identical conditions and were not subjected to any medical treatment (Faculty of Veterinary Medicine, University of Liege, Belgium). The neutrophils were isolated at room temperature (18-22˚C) by centrifugation (400 x g, 45 min, 20˚C) on a discontinuous Percoll density gradient according to the method of Pycock et al (22) . The cells were gently collected and washed with 2 volumes of physiological saline solution. The cell pellets were resuspended in 20 mM phosphate-buffered saline (PBS) at pH 7.4 with 137 mM NaCl and 2.7 mM KCl. The cell suspension was more than 90% of neutrophils and displayed a viability of >90% as measured by the trypan blue exclusion test. Each batch of neutrophils was prepared from 90 ml of blood from one horse. The cells were used within 4 h after isolation, and each standard and extract concentration was tested in triplicate. Each experiment was repeated at least five times with different batches of cells.
Preparation of neutrophil activator and plant extract solution.
PMA was dissolved in DMSO and aliquots were kept at -20˚C. Just prior to use, ultrapure water was added to the aliquots to obtain a stock solution of 16 μM PMA with 1% DMSO. In the assays, PMA was used at the final concentration of 0.8 μM and 0.05% DMSO. For the stimulated neutrophils, parallel assays were also performed with cell suspensions in PBS alone or PBS in 0.05% DMSO. The aqueous extract was solubilized in ultrapure water to obtain stock solutions of 5, 2.5, 1, 0.5, 0.25, 0.1, 0.05 and 0.01 mg/ml. Dried fractions derived from the diethyl ether, ethyl acetate and n-butanol extractions were solubilized in DMSO (final concentration in any experiment did not exceed 1%) to obtain stock solutions of the same concentrations. An adequate volume of these solutions was added to the cell suspensions or in the MPO activity assays to reach final concentrations of 50, 25, 10, 5, 2.5, 1, 0.5 and 0.1 μg/ml. Gallic acid and quercetin were solubilized in DMSO at final concentrations of 12.8, 8.5, 4.3, 1.3, 0.9, and 0.4 μg/ml and 22.7, 15.1, 7.6, 2.3, 1.5, and 0.8 μg/ml, respectively.
Measurement of ROS production. The ROS production by activated neutrophils was measured by lucigenin-enhanced chemiluminescence (CL) according to the method adapted from Benbarek et al (23) . Lucigenin is commonly used to increase the sensitivity of cellular CL assays. It has been reported to react mainly with superoxide anion (O 2
•-) which is the first ROS formed by the activation of NADPH oxidase and the first step in the generation of most of the other ROS (24, 25) . Neutrophil suspensions (10 6 neutrophils/well) were distributed in a 96-well White Combiplate 8 microtiter plate (Thermo Labsystems, Finland) and incubated for 10 min at 37˚C with the extract solutions (aqueous extract and organic fractions) of Agelanthus dodoneifolius at the final concentrations of 50, 25, 10, 5, 2.5, 1, 0.5 and 0.1 μg/ml. After the incubation, 25 μl of CaCl 2 (10 μM), 2 μl of lucigenin (5 μM) and, just before CL measurement, 10 μl of the 16 μM PMA stock solution were added to the cell suspensions. The CL response of the neutrophils was monitored for 30 min at 37˚C with a Fluoroskan Ascent FL (Thermo Scientific, Tournai, Belgium) and expressed as the integral value of the total CL emission. The control assay was set as 100% of the CL response and it was performed with PMA-stimulated neutrophils in the presence of PBS for the aqueous extract and DMSO for the gallic acid, quercetin, diethyl ether, ethyl acetate and n-butanolic fractions.
Measurement of the total amount of MPO released by the activated neutrophils.
The neutrophil suspensions (10 6 cells/ml) were incubated for 10 min at 37˚C with the extract solutions of Agelanthus dodoneifolius at the final concentrations of 50, 25, 10, 5, 2.5, 1, 0.5 and 0.1 μg/ml, and then activated for 30 min at 37˚C with PMA (final concentration = 0.8 μM). After activation, the neutrophil suspensions were centrifuged (450 x g, 10 min) and the supernatants were collected. The amount of MPO released by the neutrophils was measured in the supernatants by an ELISA assay with antibodies raised against equine MPO (26) and distributed by BiopTis (Liege, Belgium). Briefly, polyclonal antibodies against purified equine MPO were obtained in rabbit and were used to coat 96-well microtiter plates. The supernatants diluted 200-fold were added into the wells and incubated overnight at 4˚C. After washing, a second anti-equine MPO polyclonal antibody raised in a guinea pig and coupled to alkaline phosphatase was added and incubated for 2 h at 37˚C. After washing, phosphatase activity was measured after 30 min of incubation (37˚C, in the dark) with a paranitrophenyl phosphate solution. The absorbance (405 nm) proportional to the content of MPO was read with the Multiskan Ascent (Thermo Scientific). The control assay was set as 100% of the MPO release and it was performed with PMA-stimulated neutrophils in the presence of PBS for the aqueous extract and DMSO for the gallic acid, quercetin, diethyl ether, ethyl acetate and n-butanolic fractions.
Measurement of active MPO by the specific immunological extraction followed by enzymatic detection (SIEFED) method.
SIEFED is an original method developed for the specific detection of active equine neutrophil MPO (27) . The first step is an immunoextraction of MPO from a solution or a biological sample by specific immobilized antibodies. The next step consists of washes to eliminate non-specifically bound compounds or interfering substances. The third step is the detection of MPO enzymatic activity with H 2 O 2 as the substrate, Amplex Red as the electron donor and nitrite as an enhancer of the reaction. The nitrite ions enhance the peroxidase activity of the enzyme, thereby increasing the amount of Amplex Red molecules transformed into fluorescent molecules. Test solutions at final concentrations of 50, 25, 10, 5, 2.5, 1, 0.5 and 0.1 μg/ml were incubated for 10 min with pure equine MPO (50 ng/ml) in the dilution buffer (20 mM PBS with 5 g/liter BSA and 0.1% Tween-20) before the immunoextraction step. After the incubation, the mixture was loaded onto the SIEFED microplate coated with rabbit polyclonal antibodies (3 μg/ml) against equine MPO and incubated (2 h, 37˚C) to capture MPO with the antibodies. After the washing step, the enzymatic activity of MPO was measured without possible interference of the sample medium. The controls were set as 100% MPO activity and performed with purified MPO in the presence of PBS for the aqueous extract and DMSO for the gallic acid, quercetin, diethyl ether, ethyl acetate and n-butanolic fractions.
UPLC-MS/MS analysis.
UPLC is a highly sensitive form of liquid chromatography (LC) in which narrow-bore columns packed with very small particles (1.7 μm) and mobile phase delivery systems operating at high back-pressures are used. The analyses were performed on an Acquity UPLC™ system (Waters, Milford, MA, USA) connected to a photodiode array detector (PDA) and a tandem quadrupole (TQD) mass spectrometer (Waters). The wavelengths in the PDA detector were set at 280, 320 and 360 nm for hydroxybenzoic acid derivatives, hydroxycinnamic acid derivatives and flavonols, respectively. The TQD mass spectrometer was equipped with a Z-spray electrospray ionization (ESI) interface; analyses were performed as a single run in a negative mode. MassLynx™ software (version 4.0, Waters) was used for instrument control and for data acquisition and processing. The fractions were dissolved in methanol and injected onto an Acquity UPLC™ BEH Shield RP18 column (2.1x100 mm, 1.7 μm; Waters). A gradient elution adapted from an HPLC method (28) was developed for analysis. The method was used to determine gallic acid, catechin, chlorogenic acid, coumaric acid, ellagic acid, rutin, quercetin, kaempferol and isoquercitrin content in the fractions. The identification of polyphenols was carried out using their retention times combined with comparisons of the spectroscopic and spectrophotometric data to those of the standards.
Total polyphenol estimation. The total phenolic content was determined according to the Folin-Ciocalteu colorimetric method (29) . Each plant extract was prepared at a concentration of 1 mg/ml. An aliquot of plant extract solution (200 μl) was mixed with 800 μl of Folin-Ciocalteu reagent and 3 ml of water. After vortexing at room temperature, 1.2 ml of Na 2 CO 3 (200 g/liter) and 4.8 ml of water were added and the mixture was allowed to stand for 2 h at room temperature. Absorbances were measured at 760 nm against a water blank. The standard calibration curve was plotted with gallic acid (y = 426.47x + 0.0357, R 2 =0.99). The results were expressed as grams of gallic acid equivalents per kilogram of sample.
Total flavonoid estimation. Flavonoid content was measured by the AlCl 3 colorimetric method according to the DOWD method as adapted by Arvouet-Grand et al (30) . The aqueous decoction and the organic fractions were solubilized in water and methanol, respectively, to a final concentration of 1 mg/ml. A total of 2 ml of plant fraction was mixed with 2 ml of a methanolic solution of AlCl 3 (2%). The absorbance was read at 415 nm after 10 min against a blank sample containing 2 ml of plant fraction and 2 ml of methanol without AlCl 3 . Rutin was used to construct the calibration curve (y = 0.0139x -0.0202, R 2 =0.99), and the results were expressed as grams of rutin equivalents per kilogram of sample.
Statistical analysis. In the in vitro experiments with neutrophils or MPO, each point was repeated at least three times, and each experiment was repeated five times with 
Results
Cell viability. The cell viability was checked by the trypan blue exclusion test and the values were ≥90% for the control and tested solutions at concentrations between 0.1-50 μg/ml, indicating no cytotoxicity towards the neutrophils.
Effect of Agelanthus aqueous extract and organic fractions
on the total ROS production of equine stimulated neutrophils. Fig. 2 shows the CL response upon stimulation of equine neutrophils. The ROS production by neutrophils in response to PMA stimulation was decreased in a dose-dependent Figure 2 . Effect of the aqueous decoction, diethyl ether, ethyl acetate and butanolic fractions of Agelanthus dodoneifolius on the chemiluminescence response produced by PMA-stimulated equine neutrophils. The aqueous decoction was solubilized in water and the organic fractions in DMSO. Cells (10 6 /well) were incubated for 10 min with tested solutions at concentrations of 50, 25, 10, 5, 2.5, 1, 0.5 and 0.1 μg/ml. After 10 min of incubation, 25 μl of CaCl 2 (10 μM), 2 μl of lucigenin (5 μM) and, just before CL measurement, 10 μl of PMA (16 μM) were added to the cell suspensions. For the no activated cells, 10 μl of a 1% DMSO solution was added to the cell suspension to replace the PMA. A * p-value <0.05 (one-way ANOVA followed by Dunnett's post-test) was considered to indicate significance vs. control solutions [Ctrl PBS and Ctrl DMSO which were set as 100% (mean ± SD)]. NA, not activated. Table I . IC 50 values of Agelanthus dodoneifolius extracts and reference compounds on ROS production and MPO release by stimulated neutrophils and on MPO activity. 
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manner for all the tested solutions; the inhibitory effect was most noticeable for organic fractions. Interestingly, the IC 50 values between organic fractions were statistically similar (p>0.05) and all were significantly different from the IC 50 value of the aqueous decoction (Table I ). The IC 50 of gallic acid (0.4 μg/ml) was significantly lower than those of quercetin (2.8 μg/ml) and all the fractions except for ethyl acetate (Table I) . ROS scavenging efficacy of the extracts and standards decreased in the following order: gallic acid > ethyl acetate fraction > diethyl ether fraction > butanolic fraction > quercetin > aqueous fraction. Fig. 3 indicate that all the tested extracts displayed a dosedependent inhibitory effect on the release of MPO. The butanolic and ethyl acetate fractions demonstrated the most efficient inhibition without a significant difference in their IC 50 values. The aqueous decoction and diethyl ether fraction were less effective, and no significant difference was observed between them. Quercetin and gallic acid were less efficient than the plant fractions. The extracts and standards exhibited an increasing efficacy in the following order: butanolic fraction > ethyl acetate fraction > aqueous decoction > diethyl ether fraction > gallic acid > quercetin. Fig. 4 , all tested extracts displayed a dose-dependent inhibitory effect on MPO activity compared to the control sample. Considering the IC 50 values reported in Table I , the ethyl acetate fraction was the most active with regard to the inhibition of MPO activity. The IC 50 value of Table II . Quantitative determination of phenolic compounds in the fractions (g/kg, dry weight) as determined by the UPLC-MS/MS a and spectrophotometric analysis. ----------------------------------------------------------------------------------------------------- a Quantification was performed using external calibration onto an Acquity UPLC™ BEH Shield RP18 column (2.1x100 mm, 1.7 μm; Waters). Data recorded were average of two replicates; ND, not detected; b Total polyphenols measured by the Folin Ciocalteu method were expressed in gallic acid equivalent (g/kg of fraction, dry weight); c Total flavonoid determined by the aluminium chloride (AlCl 3 ) colorimetric method was expressed in rutin equivalent (g/kg of fraction, dry weight). Figure 5 . UPLC-UV chromatogram of the ethyl acetate fraction detected at 280 and 360 nm with the photodiode array detector. The fraction was solubilized in methanol and injected onto an Acquity UPLC™ BEH Shield RP18 column (2.1x100 mm, 1.7 μm; Waters). Peak 1, gallic acid; 2, catechin; 3, chlorogenic acid; 4, ferulic acid; 5, unknown; 6, isoquercitrin; 7, unknown; 8, unknown; 9, quercetin; 10, rutin; 11, kaempferol. gallic acid (1.1 μg/ml) was significantly lower than those of quercetin (6.3 μg/ml) and all the other fractions. The MPO inhibitory activity decreased in the following order: gallic acid > ethyl acetate fraction > diethyl ether fraction > quercetin > aqueous fraction > butanolic fraction.
Effect of Agelanthus extracts on the total amount of MPO released by activated neutrophils. The results reported in
Effect of the Agelanthus extracts on the peroxidase activity of MPO. As shown in
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UPLC-MS/MS analysis.
UPLC-MS/MS analyses were performed to identify and quantify the fraction constituents. As shown in Table II , the results indicated that the extracts were rich in phenolic and flavonoid compounds with a high gallic acid and catechin content especially for the diethyl ether and ethyl acetate fractions. No coumaric acid, ellagic acid, quercetin or kaempferol was detected in the aqueous decoction and butanolic fraction, which were mainly characterized by a high rutin content. Quercetin was only detected in the diethyl ether and ethyl acetate fractions. Fig. 5 contains an example of an ethyl acetate fraction chromatogram obtained at 280 and 360 nm. Most of the peaks were identified by comparing them to standard molecules with the exception of three peaks that are still unknown.
Total phenolic and total flavonoid content. For comparison to the UPLC-MS/MS polyphenols quantification, we used spectrophotometric methods to estimate the phenolic and flavonoid content of the plant fractions. The total phenolic content was found to decrease in the following order: ethyl acetate fraction > diethyl ether fraction > butanolic fraction > aqueous decoction. The total flavonoid content was found to decrease in the following order: butanolic fraction > aqueous decoction > ethyl acetate fraction > diethyl ether fraction (Table II) .
Discussion
The antimicrobial function of neutrophils can have some side effects including the induction of an excessive production of ROS that are responsible for a large number of various diseases such as cancer, cardiovascular diseases, and inflammation (31) . Thus, the inhibition of neutrophil migration may account for the anti-inflammatory activity and numerous compounds have been tested with this purpose in mind.
Although they display potent activity for the treatment of inflammation-related diseases, both steroidal and nonsteroidal anti-inflammatory drugs (NSAIDs) have been shown to cause various and severe side effects (32) . Therefore, naturally occurring agents with very few side effects are suitable substitutes for chemical therapeutics (12, 16) .
Previous studies by our research team have demonstrated the medicinal properties of the Agelanthus dodoneifolius (11) . Here, we compared the effects of one of the traditional uses of Agelanthus dodoneifolius (i.e., the aqueous decoction to the diethyl ether, ethyl acetate and butanolic fractions of the plant) on the oxidant activity of activated neutrophils which results in the production of ROS and the release of MPO into the extracellular medium and on the activity of MPO having potent oxidant properties.
The formation of ROS was followed by chemiluminescence using the luminescent probe lucigenin because of its previously reported specificity toward superoxide anion (24, 25) . All tested solutions demonstrated a remarkable dosedependent inhibitory effect on ROS production; the organic fractions were more potent than the aqueous extract. It is well known that the polyphenolic compounds of plants are highly effective free radical scavengers and antioxidants with potential biochemical and therapeutics effects (13) . The organic fractions were richer in phenolics as determined by spectrophotometric methods; UPLC-MS/MS analysis allowed for the identification of some constituents of the fractions. These results suggested that the large inhibitory effect of the organic fractions on ROS production could be correlated with their phenolic content. In fact, polyphenolic compounds have antioxidant abilities in biological systems and may act as free radical scavengers in cells (13, 14) . Moreover, they can interfere with the enzymatic activity of enzymes such as NADPH oxidase and the PKC. In fact, PKC has been implicated in the triggering of NADPH oxidase activation. (2, 13) . Our chemiluminescence results suggest that the tested organic solutions in the concentration range of 0.5-50 μg/ml could interfere with the enzymatic activity of NADPH oxidase stimulated by PMA or could act as a direct scavenging agent on the oxidant products derived from stimulated neutrophils as the extract is always present during the neutrophil stimulation. Interestingly, in our model, gallic acid showed a better antioxidant activity than quercetin. This result may be due to their differences in lipophilicity, molecular size or the stimulus used for neutrophil activation. Gallic acid and quercetin were reported to demonstrate inhibitory activities on NADPH oxidase and scavenging effects on superoxide anions. They also have an ortho-dihydroxy catechol group (Fig. 1) which is a determinant of radical scavenging capability (33) (34) (35) .
As neutrophils play an important role in the inflammatory response, inhibition of the degranulation process may play a role in their anti-inflammatory activity. The release of MPO by stimulated neutrophils is hypothesized to be an indication of neutrophil degranulation. Our results demonstrated that all tested extracts exerted a noticeable inhibitory effect on the MPO release by the PMA stimulated neutrophils and a significant response was obtained with the butanolic and ethyl acetate fractions. The greatest inhibitory activity obtained with the butanolic fraction could be correlated with high flavonoid content as determined by the AlCl 3 colorimetric method. Rutin was the major component identified by the UPLC-MS/MS analysis. The mechanisms involved in neutrophil degranulation are dependent on several factors such as the PKC activation pathway, intracellular Ca 2+ and the actin cytoskeleton. Jog et al (36) reported that the actin cytoskeleton restricts azurophil granule access to the plasma membrane under both basal and stimulated conditions to prevent the release of destructive enzymes such as myeloperoxidase. Studies have reported that some polyphenolic compounds, such as flavonoids, may disturb the degranulation process of the phagocytic cell by interacting with receptors on the cell membrane (37), inhibiting intracellular Ca 2+ elevation via a reduction in phospholipase-C activity (1, 3) and by inhibiting PKC (by blocking the ATP binding site on the catalytic unit of PKC, for example) (13, 38, 39) . Ferriola et al (39) showed that rutin, which differs from quercetin by the presence of the sugar rutinose, was less efficient at inhibiting PKC activity. However, Selloum et al (40) showed that rutin attained its anti-inflammatory properties by interfering with neutrophil chemotaxis and by partially inhibiting elastase exocytosis, probably by acting on the PI3-kinase and the mitogen-activated protein kinase (MAPK). Therefore, the inhibitory activity of the butanolic fraction on MPO release could be partly explained by the presence of rutin; however, further studies are needed to determine whether rutin alone could have such an effect on PMA-stimulated neutrophils. When compared with the inhibitory effects of gallic acid and quercetin, those effects of Agelanthus dodoneifolius extracts could be the result of the total activities of different compounds present in the fractions. Quercetin, which is known to disturb the degranulation pathway of neutrophils, demonstrated a poor effect in our neutrophil stimulation model. This result could be explained by the use of PMA as a stimulating agent, which acts directly on PKC activity and leads to the bypass of the previous events, such as tyrosine phosphorylation, phospholipase activation and signal transduction, which could be influenced by quercetin (41, 42) .
Interestingly, evidence has emerged that MPO-derived oxidants contribute to tissue damage and to the initiation and propagation of acute and chronic vascular inflammatory diseases. Such evidence sparks considerable interest in the development of therapeutically useful MPO inhibitors including natural compounds (43) . All tested extracts exerted a dose-dependent inhibitory effect on the specific activity of equine MPO as measured by the SIEFED assay. The SIEFED assay is a useful pharmacological tool to study specific inhibitors of MPO because there is no interference with the detection system by nonspecifically bound compounds or substances as they were washed before the MPO activity measurement. Inhibition of the enzyme can thus be explained by interactions of the tested extracts with the enzyme: these interactions include inducing conformational changes in the protein moiety and blocking or hindering the active site of the enzyme. The greatest inhibitory effect that was obtained with the ethyl acetate and diethyl ether fractions could be correlated with their high phenolic contents and better extraction of polyphenolic compounds. Several studies have reported that phenolic compounds such as gallic acid, curcumin, resveratrol and myricitrin are effective substrates and inhibitors of MPO (8, 9, (44) (45) (46) . In our study, we confirmed the inhibitory activities of gallic acid and quercetin. By using computer modelling, Shiba et al (46) suggested that quercetin and its glycoside dock at the active site of MPO, onto the hydrophobic region at the entrance to the distal heme pocket. This interaction leads to an inhibition such as seen with salicylhydroxamic acid a known MPO inhibitor. In fact, the presence of a pyrogallol group in the B ring of flavonoids (Fig. 1) , of the 3-, 4-, and 5-OH, and of the C2-C3 double bond could improve the inhibitory effect (45, 46) .
To our knowledge, this study is the first to measure the effect of the crude extracts or of the organic fractions from Agelanthus dodoneifolius in in vitro tests using stimulated neutrophils and purified equine MPO. We demonstrated the potent inhibitory effect of Agelanthus dodoneifolius extracts on ROS production, MPO release and the specific activity of MPO. A stronger effect was observed with the organic fractions than with the aqueous decoction already used in the folk medicine of Burkina Faso. Further studies will be carried out to isolate and identify all of the polyphenols present in the most active fraction. Taken together, our results demonstrate the interesting potential of Agelanthus fractions to modulate the inflammatory response by decreasing the oxidant response of neutrophils without causing any toxicity. Moreover, these findings provide a scientific basis for the traditional uses of Agelanthus dodoneifolius. One of these uses is related to the treatment of asthma, an allergic disease, which is also found in horses (47, 48) . We can thus expect that this plant could have beneficial effects in the treatment of neutrophils-mediated inflammatory diseases.
